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8QVWHDGLQHVVSDUDPHWHU ൌ ஢୆బమ୐୙బ஡ 0DJQHWLFSDUDPHWHU
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7KHUPDO *UDVKRI QXPEHU
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୏୩כ 7KHUPDO
UDGLDWLRQ SDUDPHWHU ൌ ஝ୈ 6FKPLGW QXPEHUɀ ൌ
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୙౭
 &KHPLFDO UHDFWLRQ SDUDPHWHUɁ ൌ  ୕బ୐୙౭஡ୡ౦+HDW JHQHUDWLRQ
ሺɁ ൐ Ͳሻ DQG DEVRUSWLRQሺɁ ൏ Ͳሻ SDUDPHWHUܧܿ ൌ ௎బమ஼೛ బ் (FNHUW QXPEHU݄ ൌ ߙට
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ߚටఔ௎బଶ௅ 7KHUPDOVOLSSDUDPHWHU݄ଶ ൌ ߝට
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ଶ௅ &RQFHQWUDWLRQVOLSSDUDPHWHU
7KH SK\VLFDO TXDQWLWLHV RI HQJLQHHULQJ LQWHUHVW LQ WKLV SUREOHP DUH WKH VNLQ IULFWLRQ FRHIILFLHQW୤ DQG WKH ORFDO
1XVVHOWQXPEHU୶DQGORFDO6KHUZRRGQXPEHU୶)URPWKHIROORZLQJGHILQLWLRQV
ଵ
ଶ ୤ඥ୶ ൌ 
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5HVXOWVDQG'LVFXVVLRQ
7KHREMHFWLYHRIWKHSUHVHQWDQDO\VLVLVWRXQGHUVWDQGWKHHIIHFWVRI+DOOFXUUHQWVDQGFKHPLFDOUHDFWLRQRQWKH
XQVWHDG\IORZRIDYLVFRXVLQFRPSUHVVLEOHIOXLGSDVWDQH[SRQHQWLDOO\VWUHWFKLQJVKHHWLQWKHSUHVHQFHRIWHPSHUDWXUH
GHSHQGHQWKHDWVRXUFHDQGWKHUPDOUDGLDWLRQZLWKVOLSHIIHFWV7KHJRYHUQLQJHTXDWLRQVDUHVROYHGE\
HPSOR\LQJWKH5XQJH.XWWDIRXUWKRUGHUPHWKRGDORQJZLWKWKHVKRRWLQJWHFKQLTXH7RYDOLGDWHWKHDFFXUDF\RIWKH
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QXPHULFDOVFKHPHWKHSUHVHQWUHVXOWVDUHFRPSDUHGZLWKWKRVHRI(OEDVKEHVK\HWDO>@DQG3DYLWKUD>@YL]
Ȃ ɅᇱሺͲሻLQWKHDEVHQFHRI+DOOFXUUHQWVDQGFRQFHQWUDWLRQLQWKHXQVWHDG\FDVHDQGIRUWKHFRUUHVSRQGLQJVWHDG\
FDVHZLWKWKRVHRI.DPHVZDUDQ>@LHȂ ݂ ƍƍሺͲሻLQWKHDEVHQFHRIVXFWLRQ+DOOFXUUHQWVWKHUPDODQGVROXWDO
EXR\DQF\KHDWJHQHUDWLRQDEVRUSWLRQDQG3UDQGWOQXPEHUIRUDVWHDG\IORZIRUGLIIHUHQWYDOXHVRI0DQG3U7KH
FRPSDUHGYDOXHVRIȂ ɅᇱሺͲሻDQGȂ ݂ ƍƍሺͲሻDUHSUHVHQWHGLQ7DEOHVDQGZKLFKDUHIRXQGWREHLQJRRGDJUHHPHQW
ZLWKWKHVDLGSXEOLVKHGUHVXOWV

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
)LJDQG)LJUHYHDOWKDWWKHSULPDU\YHORFLW\GHFUHDVHVWKURXJKRXWWKHERXQGDU\OD\HUUHJLRQZLWKLQFUHDVLQJ
YDOXHVRIPDJQHWLFSDUDPHWHU7KHGHFHOHUDWLRQFDXVHGLQWKHYHORFLW\LVRZLQJWRWKHUHWDUGLQJDFWLRQRIWKH/RUHQW]
IRUFHZKLFKDULVHVZKHQDPDJQHWLF ILHOG LVDSSOLHG6HFRQGDU\YHORFLW\ LQFUHDVHV UDSLGO\QHDU WKHSODWHDWWDLQLQJ
PD[LPXPYDOXHDQGWKHQGHFUHDVHVLQWKHUHVWRIWKHUHJLRQHYHQWXDOO\DWWDLQLQJWKHIUHHVWUHDPYDOXH )LJ 
DQG)LJ VKRZ WKH LQIOXHQFHRI+DOO FXUUHQWRQ WKHSULPDU\YHORFLW\DQGVHFRQGDU\YHORFLW\ ,W LVREVHUYHG WKDW
LQFUHDVLQJ+DOOSDUDPHWHU PHQKDQFHV WKHSULPDU\DQGVHFRQGDU\YHORFLWLHV7KH LQFUHDVH LQSULPDU\YHORFLW\ LV
QRPLQDOLQWKHYLFLQLW\RIWKHSODWHZKLOHWKHVHFRQGDU\YHORFLW\LQFUHDVHVVLJQLILFDQWO\WKURXJKRXW ERXQGDU\OD\HU
UHJLRQ:HPD\FRQFOXGHWKDW+DOOFXUUHQWVWHQGWRDFFHOHUDWHWKHIOXLGWKURXJKRXWWKHERXQGDU\OD\HUUHJLRQZKLFK
LVH[SHFWHGIRUWKHIDFWWKDWWKHVHFRQGDU\YHORFLW\DULVHVGXHWR+DOOFXUUHQWV
 )URP)LJV  DQG LW LV REVHUYHG WKDW WKH WHPSHUDWXUH LV HQKDQFHG IRU LQFUHDVLQJYDOXHVRI1U DQG WKXV
UHVXOWLQJLQWKHLQFUHDVLQJRIWKHWKLFNQHVVRIERWKWKHUPDODQGK\GURG\QDPLFERXQGDU\OD\HUV7KHWHPSHUDWXUHLV
HQKDQFHGLQWKHSUHVHQFHRIKHDWVRXUFHDVWKHKHDWVRXUFHUHOHDVHVHQHUJ\LQWKHWKHUPDOERXQGDU\OD\HUUHVXOWLQJLQ
WKHULVHRIWHPSHUDWXUH
)URP )LJ  WKH VSHFLHV FRQFHQWUDWLRQ LV REVHUYHG WR UHGXFH ZLWK LQFUHDVLQJ YDOXHV RI WKH 6FKPLGW QXPEHU
WKURXJKRXWWKHUHJLRQZKLFKLVDVVRFLDWHGZLWKWKLQQHUVROXWDOERXQGDU\OD\HUV3K\VLFDOO\WKHLQFUHDVHRI6FLPSOLHV
GHFUHDVHRIPROHFXODUGLIIXVLRQ'7KXV WKHPDVVGLIIXVLRQ OHDGV WRDQHQKDQFHPHQW LQ WKHVSHFLHVFRQFHQWUDWLRQ
7KHLQIOXHQFHRIFKHPLFDOUHDFWLRQUDWHSDUDPHWHUɀRQWKHVSHFLHVFRQFHQWUDWLRQIRUJHQHUDWLYHFKHPLFDOUHDFWLRQLV
GHSLFWHGLQ)LJ,WLVIRXQGWKDWVSHFLHVFRQFHQWUDWLRQZLWKLWVKLJKHVWYDOXHDWWKHSODWHGHFUHDVHVVORZO\WLOOLW
UHDFKHVWKHPLQLPXPYDOXHLH]HURDWIDUXSVWUHDP
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7KHLQIOXHQFHRIVOLSHIIHFWVFRUUHVSRQGLQJWRSULPDU\DQGVHFRQGDU\YHORFLWLHVDUHSORWWHGLQ)LJVDQG,WLV
REVHUYHGWKDWWKHYHORFLW\VOLSUHGXFHVWKHSULPDU\YHORFLW\QHDUWKHERXQGDU\ZKLOHWKHVHFRQGDU\YHORFLW\LQFUHDVHV
LQWKHYLFLQLW\RIWKHERXQGDU\WLOOLWDWWDLQVWKHSHDNYDOXHDQGHQKDQFHVLQWKHUHVWRIWKHUHJLRQ7KHWHPSHUDWXUH
IDOOVZLWK WKHUPDO VOLS 7KH FRQFHQWUDWLRQ UHGXFHV WKURXJKRXW WKH VROXWDO ERXQGDU\ OD\HUGXH WR VROXWDO VOLS7KH
HIIHFWRIWKHSHUWLQHQWVOLSSDUDPHWHURQDOORWKHUUHPDLQLQJGLVWULEXWLRQVLVQHJOLJLEO\VPDOO
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